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Overview

D o Environmental record at large hardrock
mines

L_f o Qverview of hydrology and geochemistry at
D Pebble Project

— Purpose: evaluate site-specific
vulnerabilities of migratory and resident
fish to mining impacts
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Performance Evaluation. Comparison
of Predicted and Actual Water Quality
- at US Hardrock Mines

i

L_f o Examined performance at large hardrock
mines in the U.S.

— 183 major mines, 137 NEPA mines

— 71 NEPA mines reviewed
o 104 EISs reviewed for 71 mines

s Compared EIS predictions to actual water
quality for 25 case study mines

STRATUS CONSULTING Source: Kuipers and Maest, 2006
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redicted vs. Actual Water Quality
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Performance Evaluation: Post-Mining

Surface Water Quality

Mines close to
surface water with

mod/high ADP or
CLP
All case study mines

# Mines

Percent (%)
with Impact to
Surface Water

Percent (%) with
Exceedences of
Standards in
Surface Water

92 85
(12/13) (11/13)

64 60
(16/25) (15/25)

Percent (%) with
Exceedences that
Predicted no
Exceedences

91
(10/11)

73
(11/15)

Performance failures at wrtually all case study mines m |
proximity to surface Water Primary causes of fallure “““““ .

inadequate mii gat:on measures and geochemical

Tcharactenzatfan
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Factors that Increase Environmental
- Vulnerability at Mine Sites

D o Proximity to sensitive environmental biota and water

I resources

- 8 High degree of hydrologic connection

u — Increases transport of heavy metals — low ability
i to control wastes

— Watershed coverage (with wastes) changes
hydrograph and upwelling areas

High potential to leach contaminants

— Ore and wastes will generate acid and leach
heavy metals

o Low buffering in streams
— Low hardness, alkalinity, DOM in streams

TRATUS CONSULTING

EPA-7609-0007122_00006



Pebble Site —Sensitive Biota throughout
proposed mine site

o

i - e

L
@ Anadromous fish observations
—m-m: Nominated anadromous waters
| Documented anadromous waters

Mine facilities
Supernatant pond
( Tailings beach

llill Proposed pit
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Site Hydrogeology

Legend

o 200+ ft of highly permeable sand and gravel
— Easy movement of contaminants

o Unlined tailings storage plans rely on low K materials
— Not present beneath all tailings areas

o Resource estimates have grown since 2006 water
rights application (only for Pebble \West!)

— Mine facility footprints will be larger

S, silly sand
Clary illy clay
Givavel, pravelly sand
Mo recovery
Bedrock

Horehole screen

Viaber level elevation
{ckatas from Bugust 1418, 20063

FEOROEA

Sources. WMC, 2008, NDIV, 2006 SFK water rights application
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Natural Water Transfers

~25 cfs of surface water moves from SF Koktuli to
Upper Talarik basin —contaminants will cross basins

Groundwater upwelling — salmon spawning reduced if
upwelling reduced

Source. WMC, 2008
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Surface Water and Groundwater Connections
(just upstream from proposed TSF)

- é_‘i/i}gi;}gf:f -

Q ( x 0.05 ft3/s)

Groundwater Elavatian (/)

Rainfall (x 10-2 inches),

gl WSS

Deep groundwater responds to changes in surface [
water flow and precipitation -

— Conduits for flow between surface water and |
groundwater N L e iy

Rainfalll™; 30 day moving averags, Febble

— Contaminant migration pathways beneath TSF [ —_———

met station 2 |
e BN T ™Y, S0-aY Moving average, llimna
airport |

Source. WMC, 2008
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0.0 cfs éburféc water and

groundwater;, Annual flows
reduced by 100%

; r® R
@® Stream gages along north and south fork - . . s
-=—m. Nominated anadromous waters ' Annual ﬂOWS
reduced by ~60%

= Documented anadromous waters
: Areas of water extraction
Mine facilities

Supernatant pond

; Tailings beach

|

mlmmmmﬂﬂ[ Proposed pit

Reduction in flows = reduced abitat for migraory

and resident fish
EPA-7609-0007122_00011
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Site Geochemistry

- Water Quality Baseline

o Deposit is an acid-producer
1l — “...it would take about 40 years for nearly

all pre-Tertiary rock to become acidic
under site conditions.” (NDM, 2005)

o Low alkalinity (~10-30 mg/L as CaCO3),
hardness and DOM

o Higher susceptibility to stream acidification
and metal toxicity to fish

Figure Source: SRK Consulting, 2006,
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oncentrations

el

Mean Dissolved Cu (Hg/L) —m-mc \oinated anadromous waters

® 201-304 fmmm— Documented anadromous waters

1.01-2.00 e arge streams

@

© 051-100 Mine facilities
o i

L]

0.26 - 0.50 Supernatant pond

0.05-0.25 P Tailings beach

m Proposed pit

Cu concentrations low in fish-bearing surface

waters
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Mean Hardness

| Mean Hardness —m-w- \oinated anadromous waters

mg/L as CaCO.
(mg %) e Documented anadromous waters |

® 32-43 B

Large streams
5-31 Mine facilities
21-24
14-20

1-13

Hardness very low = low buffering capacity
and increased Cu toxicit
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Mean Dissolved Organic Carbon

A@f@&'

Mean DOC (M/L} —wemc \yyminated anadromous waters

@
@
®
®

3.01-3.95
2.01-3.00
1.51-2.00
1.01-1.50

0.47-1.00

fm——— Documented anadromous waters

“= Large streams

Mine facilities
Supernatant pond

Taitings beach

Prpposéd pit
Low DO
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higher toxici
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SCHEMATIC OF BIOTIC LIGAND MODEL

Site-specific Cu
Binding Studies

o Purpose: Evaluate binding prertles of ambient
BI®\Y/
— Natural organic matter can bind copper and
decrease toxicity to aquatic biota
EPA has approved use of BLM for Cu acute WQC
— “Canned’ input values for DOM: if site-specific
binding varies from assumptions, different
toxicity
o TNC laboratory studies of site-specific copper
binding in NFK, SFK, UT

— Pebble Project DOM has less ability to complex
Cu than assumed in BLM

STRATUS CONSULTING

EPA-7609-0007122_00016



BLM Comparison — North Fork Koktuli
Site

»2-10 times more free Cu with ambient
DOM than predicted by BLM = increased
Cu toxicity

cmMC:
Hardnessi j
b
.

|

Baseline

This study
e BLIM

= . pH7.13
] i ]

001 0.1 1.0 ¢, 1,0y 100 1,000
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Conclusions

E Failure rates at large mines are high — mitigation
and prediction failures

. 8 Pebble Project area extremely susceptible to
; I adverse effects
| — High acid-generation and contaminant leaching

potential, close proximity to water resources and
D sensitive biota

— High hydraulic connectivity — extensive contaminant
transport, reduced ability to control wastes

— Streams naturally low in components that ameliorate
copper toxicity and buffer pH

— Ambient DOM has less ability to complex Cu than
BLM predicts — EPA model will underpredict toxicity
to salmonids at this site
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Conclusions (cont.)

D o Mine plan guarantees irreversible adverse effects

I — Little to no experience with successfully
controlling releases from mines of this size

— Mine facilities will reduce flows, eliminate
D important salmon habitat, and adversely affect

spawning and migration

1 @ Hydrogeologic, geochemical, and ecological
 attributes of project area indicate that the site has a

high degree of vulnerability with virtually no margin
for error = high risk to vitally important fisheries
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Additional work to support 404(c)
- ruling

Integration and interpretation of all TNC data
Biodiversity studies in areas of natural acid drainage
Streamside copper toxicity study

— Direct measurement of effects of increasing
copper on resident salmonids

Tailings seepage containment

— Use recently-obtained bore hole logs to evaluate
nature of geologic material and extent of low
permeability layer beneath unlined TSF
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